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FOREWORD 

This report, an addendum to LMSC-A842316, presents the results 

of work performed in support of MSFCI s Quality and Reliability 

Assurance Laboratory. The task was divided into three par t s  as 
follows : 

0 Task 38A - Detailed Acceptance and Inspection Test 
Plan for ATM 

0 Task 38B - Seismic Pad Requirements 

0 Task 38C - Pointing Control System Tes t  and Checkout 
Guidelines 
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DETAILED ACCEPTANCE AND INSPECTION TEST PLAN FOR ATM 
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Task 38A was  a direct assistance effort to R-QUAL-AE. 

In support of the task, an engineer from LMSC's Huntsville 

Research and Engineering Center was assigned to the R- 
QUAL-AE Office. The ATM Acceptance and Inspection 

Test  Plan will define the ATM acceptance and inspection 

requirements from the piece-part to the system level. 

During the task,  a test plan outline and approximately 60 

percent of a test  plan were completed. 
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1 . 0  Introduction 

1.1 General 

The Apollo Telescope Mount (ATM) requires extreme accuracy in the alignment 

of the experiments with respect to the fine sun sensor (FSS) and to each other. 

Pointing stability is even more critical. Once a target is selected for examina- 

tion in orbit, the Experiment Pointing System (EPS) on the experiment package 

must automatically hold the attitude within 2.5 arc-sec in pitch and yaw. Ground 

testing of the Pointing Control System (PCS) is complicated by gravity and by 

the interaction of a hinge between the experiment package and the Rack. 

As a part of integrated system testing in  Building 4708, the PCS will be subjected 

to an alignment verification test and a dynamic test of pointing stability. Since 

the base reference proposed fo r  use in alignment verification is the local level, 

it is essential that the structural support during the test remain level within an 

order of magnitude greater than the tolerance specified for the ATM. Tests 

made of the stability of the present floor in the high bay of Building 4708, which 

is proposed for use during ATM system testing, show that due to natural and 

induced causes the floor is subject to movement and tilt with deviations compar- 

able in magnitude to the accuracies specified for the ATM. Isolation of the ATM 

test setup from these floor disturbances appears necessary so that the alignment 

and dynamic response obtained will not be significantly degraded by facility 

movements. 

1.2 Test Article Configuration 

Integrated system testing of the ATM will be accomplished using the complete 

ATM in the launch configuration. The LM ascent stage will not be attached 

1-1 
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during the test. 

found in Refs. 1 and 2. A summary of general characteristics is as follows: 

Preliminary information concerning ATM design may be 

0 Diameter to SLA mounting points - approximately 20 f t  

0 Overall height including experiment package - approximately 12  f t  

0 Experiment package - 6 ft 10 in. diam. by 10 f t  10 in. long (gimballed at c. g. 
and supported on Rack) 

0 Weight -not to exceed 25,000 lb in the test configuration 

0 Mounting points (4) - 90 deg apart ,  at sta. 1818.069 

0 C. G. of ATM/LM-x direction, sta. 1812.4 

0 C. G. of ATM only - x direction, sta. 1775.0 

0 C. G. of experiment package - x direction, sta. 

0 Critical frequency of ATM in static test mode 

0 Critical frequency of ATM in dynamic test mode 

0 Critical frequency of ATM in experiment package in 

dynamic test mode 

Hz 

Hz  

Hz 

(See subsection 3 . 1  for a description of the test setup. ) 

1 . 3  Accuracy Requirements 

Prelaunch alignment accuracy requirements are given in  Ref. 3. Section 8 of 

Ref. 4 indicates the reference axes and static co-alignment requirements. 

1 . 4  Environmental Control 

The test stand and seismic pad will be in an enclosed area environmentally 

controlled to a class 10,000 cleanroom (Federal Standard 209a) during the test. 

The enclosure and environmental control system will  be described in other 

documents. Vibrations created by the air conditioning equipment must be 

1-2 
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isolated or  considered in the design of the seismic pad. Section 6 of Ref. 4 

specifies the environmental conditions. The enclosures and environmental 

control system, which will  probably be of the laminar flow type, have not yet 

been designed. 

1 . 5  Present Floor Condition in Test Bay 

The present floor in the test bay of Building 4708 is concrete, laid on grade in 

accordance with standard industrial construction practices. A number of cable 

trenches run through and around the area proposed for use. The floor has been 

cut and patched to such an extent that no sizable portion of it is considered 

monolithic. 

In May of 1967 tests were made of variations in level of the floor at the proposed 

ATM test location during an 8-day period. The report of Mr. D. Johnston, 

R-ASTR-GCC, who conducted the test, is contained in Ref. 5. Pertinent data 

have been extracted and a r e  contained in Table 1-1. It will be noted that the 

peak-to-peak tilt for the 8-day period is 5 arc-sec and the tilt due to equipment 

operation in the vicinity is on the order of 2 arc-sec. Vibration frequencies and 

their amplitudes were not determined. 

1-3 
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2 . 0  Seismic Pad Criteria 

2 . 1  Size and Layout 

The seismic pad, located in Building 4708 as shown in Fig. 2-1, must be 

sufficiently massive to provide the stability specified in subsection 2.2; however, 

a s  a minimum, ample space will be provided on the pad around the test stand 

to set up the test equipment and perform the required test activity. See Figs. 2-2 

through 2-8 for a suggested layout. The dimensions shown are tentative. The 

depth in particular may change if transient loads are applied which have not yet 

been defined. 

2 . 2  Stability Requirements 

The level of the surface of the seismic pad shall not vary more than 1 arc-sec 

in 24-hr. This requirement does not apply during periods of identifiable 

earthquake activity, movement of a storm front through the area, o r  during a 

static firing of a large motor in the MSFC test area. ATM alignment verification 

will not be attempted during these events. Isolation from adjacent activity shall 

effectively dampen transmission of vibrations. Examples of major causes of 

vibration in the immediate area which must be controlled o r  dampened by design, 

include operation of the large bay doors, overhead cranes, fork lifts, and large 

trucks. The mass relationship of the pad to the test setup must be such that 

frequencies from 3. - to 15 .0  Hz* will be effectively dampened to an amplitude on 

the instrument plate (see subsection 2.5.1) of less then 20 percent. 

. 

2 . 3  Isolation Methods 

The seismic pad must not touch any adjacent facility or structure. 

intervening space should contain air only. It would appear from the tilt readings 

The 

* Frequency to be revised if conditions require when critical frequency of the 

ATM and test setup have been established. 

2 -1 
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Fig. 2-2 Plan, Test  Bay Enclosure 
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Fig. 2-3 Plan, Test  Bay Enclosure Below ATM 
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Fig. 2-4 Plan, Test  Bay Enclosure Below Work Floor 
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Fig. 2-5 Test Bay Enclosure, Section A-A 
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Fig. 2-6 Test Bay Enclosure, Section B 
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Fig. 2-7 Test  Bay Enclosure, Details C y  D, and E 
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Fig. 2-8 Experiment Package, Typical Layout, Looking Down 
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taken at position "B" in Building 4755 (Table 2-1) that ground conditions in the 

a rea  are such that a gravel bed under the pad will provide adequate support 

and isolation. It is recommended, however, that before proceeding with the 

final pad design, a test of ground stability be made at the construction site at 

the depth to which the ground will be excavated. 

Insofar as feasible, equipment and personnel not involved in the alignment 

verification and dynamic testing of the PCS will be supported outside the pad 

area.  Examples of items that should be kept off the pad during testing include 

the following: 

0 The test bay environmental enclosure 

0 Environmental control equipment 

0 Ground support equipment 

0 ATM access and work platforms 

0 Mobile equipment, such as hoists and cranes 

0 Personnel not required in the conduct of the test 

2 . 4  Bending Limits 

During the PCS testing, it will be necessary to move the test equipment 

identified in subsection 3 . 1 . 3  about the pad. The heaviest item will probably 

be the sun simulator, which is expected to weigh at least 1,000 lb. It will be 

moved from the fine-sun-sensor position near the center of the experiment 

package to the coarse-sun-sensor position on the edge of the Rack. Operating 

personnel will move with the equipment. Pad bending deflections between 

normals at the several equipment locations must not exceed 0 . 2  arc-sec. A 

test equipment location pattern will be made available before completion of pad 

design. The pad must remain stable within all prescribed limits during PCS 

dynamic testing, including the time when the CMGs a r e  applying the maximum 

combined torque for  which the system is designed. 

2-11 
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2 . 5  Pad Surface Finish 

2 . 5 . 1  Instrumentation Support Area 

Provision will be made to insert a steel instrumentation plate (approximately 

12 feet square*) and center it under the test configuration. 

must be parallel with the Y and Z axes of the ATM. 

grouted in and vibrated approximately flush with the surrounding area and 

level within 

set in a pattern that will not bring the bolt heads under the instrument feet. 

Provisions will be made to force grout under areas that might separate from 

the base during use. The thickness of the plate must be such that movement 

of men around the instruments will not deflect the plate more than 0 . 2  arc-sec. 

The surface of the plate will have all visible scale and pock marks removed 

by sanding**, then treated to prevent rust  and corrosion with a material 

specified in the cleanroom specification. Similar plates, 4 feet square*, 

will be installed on two adjacent corners of the pad. 

The diagonals 

This plate will be 

min. The plate must be anchored with countersunk bolts, 

2 . 5 . 2  Concrete Surface 

The pad surface outside the instrument plates must be troweled smooth in 

accordance with good construction practice, then treated with a nondusting 

material a s  specified for the remainder of the cleanroom floor. 

2 . 5 . 3  Equipment Attachments 

Provisions will be made to securely anchor the A-frame hoist rails, test 

stand(s) and other test equipment to the seismic pad. Anchors and mounting 

templates will be supplied by the agency that supplies the equipment to be 

mounted. 

* Exact size and shape of the plates to be determined when the design of the 

instrument bases and instrument locations have been finalized. 

** Unaided visual inspection 
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2 . 6  Stability Monitoring Equipment Support 

Anchors for equipment used to monitor the pad stability will be supplied as 

described in other documents for installation. 
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3 . 0  Testing Procedure 

The ATM alignment verification and PCS dynamic evaluation tests are a part of 

the integrated system test performed by R-QUAL in Building 4708. The plan 

for this test is currently in preparation. When published, it will provide the basis 

for the seismic pad f inal  design. Pending its publication, the following test setup 

and procedures are assumed. 

3 . 1  Test Setup 

3 . 1 . 1  Test Stand* 

During this portion of the integrated system test, the ATM will be supported 

on a test stand in the vertical (launch) attitude. The sun end of the experiment 

package will be about 8 f t  above the floor. The ATM support stands(s) will 

be designed to dampen ATM vibration and will  be rigidly attached to the 

seismic pad. Supports for the ATM will have micrometer adjustment for 

use in leveling the ATM. Load cells will also be located in the support 

brackets for measurement of response during dynamic testing of the CMG 

fine PCS. 

3 . 1 . 2  Environment Verification 

Functioning of the environmental control system will be verified prior to the 

start of PCS testing. 

the specified limits for not less than 24 h r  prior to start of PCS testing. 

The temperature in the test bay must be held within 

3 . 1 . 3  Test Equipment Supported on the Seismic Pad 

0 Test stand(s) 

0 Optical flats with adjustable stands (2) 

0 Autocollimators with adjustable stands (2) 

* Not yet designed and not a part of these criteria. 
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0 Electronic leveler 

0 Solar simulator 

0 Star simulator 

0 Experiment target simulators (supplied by experimenters) 

0 Axis alignment theodolites o r  other selected optics 

0 GSE including electrical power and support equipment 

3 . 2  Summary of the PCS Static Alignment Verification Procedure 

After all preparations have been completed, the ATM alignment will be verified, 

with the PCS caged, as follows: 

0 Verify stability of seismic pad - no quakes o r  storms. 

0 Verify that the particle count in the enclosure is safe to remove the 

covers of the optical instruments. 

0 Verify that the Rack X, Y and Z axes a r e  mutually perpendicular and parallel 

with the EPS axes when caged. 

0 Position and electronically level an optical flat approximately under 

the fine-sun-sensor optical alignment target. 

0 Position and adjust an autocollimator under the optical flat to produce a 

beam vertical to the optical flat (beam should strike near center of the 

optical alignment target on the FSS). 

0 Adjust the level of the ATM at the mounting points to bring the optical 

alignment target on the FSS into alignment, i. e. , parallel with the optical 

flat. Note: This optical flat and autocollimator will remain in place to 

monitor the FSS alignment during the remainder of the alignment verification. 

0 Using a second optical flat and autocollimator, position them under a 

selected experiment following the sequence described above. Read the 

deviation of the optical alignment target on the experiment. 
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0 If the experiment is not aligned within the tolerances prescribed as 

determined under 1 g in Building 4755, it will be adjusted. 

0 The fine-sun-sensor alignment will be reverified if any adjustment of 

other sensors is required. 

0 The same process will be repeated for each experiment and the acquisi- 

tion (coarse) sun sensor. 

0 Reverify the alignment of all experiments if significant adjustment in 

alignment is required on any experiment. 

3 . 3  Dynamic Test, Experiment Pointing System 

After completion of the alignment verification test, the EPS will be checked 

for  dynamic response and stability of pointing. 

assumed : 

The following sequence is 

0 Verify the functional readiness of the experiment pointing control system. 

0 Verify electrical alignment of control and display panel. 

0 Remove optical collimating instruments from below ATM. 

0 Position the sun simulator so that the simulated solar disc is within 

rnin of the center of the field of view of the fine sun sensor. 

0 Set experiment target simulators in specific test pattern. 

0 Verify the room particle count before uncovering optical systems. 

0 Turn on sun simulator. 

0 Uncage experiment package. 

0 Operate the experiment pointing control in Mode "Aff (see Fig, 3-1). 

0 Observe stability of the experiment package and record deviations. 

0 Operate optical wedge and observe pointer response. 

0 Move Simulated sun and observe EPS response. 

0 Return sun simulator to original center position. 

3-3 
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0 Select experiment targets for examination. 

0 Verify pointing accuracies of optical wedge offset. 

0 Operate experiments. 

0 Record data. 

0 Verify experiment alignment and true deviation readings. 

3.4 Dynamic Test, ATM PCS 

After verification of the EPS, the complete ATM PCS will be dynamically tested 

for response in modes A through D (see Table 3-1). Inputs required include: 

0 Sun simulation for coarse and fine sun sensors 

0 Star simulation 

0 Control commands 

1 
I 
I 
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4 . 0  Activation 

4 . 1  

4 . 2  

4.3 

4.4 

4.5 

Hardware Delivery Schedule 

The date of delivery of the thermal/mechanical test unit to Building 4708 will 

determine the need date for the test facility. This is currently scheduled for 

May, 1968. Indications are that this date will be changed to November, 1968. 

The latter date is assumed in these criteria. 

Facility Design 

A period of 3-1/22 mo is proposed in which to conduct soil tests, complete 

the engineering design, advertise, receive bids and award a contract. This 

span assumes no delay in the availability of design parameters. 

Construction Time Span 

Removal of the present floor, excavation, and construction and curing of the 

seismic pad will require 2-1/2 mo. This assumes no more than 10 days delay 

due to  causes not under control of the contractor. 

Equipment Installation and Checkout 

A period of 6 mo.is alotted for this acitvity. It covers those tasks performed 

that are not a part of the seismic pad contract, but are required to complete the 

test facility including construction of the environmental enclosure and installa- 

tion and checkout of the test equipment. 

Acceptance 

Upon completion of pad construction and equipment installation, a validation test 

of the facility will be performed to determine that the facility, including the 

seismic pad, meets all design specifications. Successful completion of this 

test will be the basis for  acceptance of the seismic pad. 

4-1 
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4.6 Proposed Schedule 

Figure 4-1 is a proposed schedule covering the design, construction and 

acceptance of the seismic pad. Activities other than those involved in the 

pad construction which determine set-back dates are shown for reference only. 
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5 . 0  Abbreviations and Definition of Terms 
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AAP 

ATM 

C. G. 

CMG 

css 
ESE 

EPS 

FSS 

GSE 

Hz 

LM 

PCS 

RCS 

SLA 

Apollo Applications Program 

Apollo Telescope Mount 

Center of gravity 

Control Moment Gyro 

Coarse Sun Sensor 

Electrical Support Equipment 

Experiment Pointing System (that portion of the PCS formerly called the 
Vernier Pointing System that controls the pitch and yaw attitudes of the 
experiment package. ) 

Fine Sun Sensor 

Ground Support Equipment 

Cycles per second 

Lunar Module 

Pointing Control System 

Reaction Control System 

Saturn - LM Adapter 

Seismic Pad 

These criteria do not describe a true seismic pad according to the 

dictionary definition. An isolation pad would be a more correct term. 

Seismic pad is used, however, since the task was defined before the 

requirements were more fully known. 
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1.1 

1.2 

1 *3  

Purpose 

The Pointing Control System (PCS) Test and Checkout Guidelines will provide 

a detail method for management control of testing and ensure a logical 

achievement of program goals. 

to be performed and will delineate those test procedures necessary to meet 

the requirements of the ATM Project Requirements Document and the ATM System 

This plan will establish the extent of testing 

Specification. 

scope 

The PCS Test and Checkout Guidelines w i l l  

qualify and accept a flight system. This 

provide those plans necessary to 

plan covers all major activities, 

relationships and requirements for the testing and support of a non-flight 

and flight PCS. 

Project Description 

1.3.1 General Description 

1 .3.1.1 Pointing Control System 

The Pointing Control System (PCS) for the ATM will consist of a 

Control Moment Gyro Control System (CMGCS) and an Experiment Pointing 

System (EPS). The CMGCS will provide attitude control for the entire 

cluster. 

experiment package. 

The EPS will provide vernier pointing control for the 

1.3.2 Pointing Control System Assembly 

The Apollo Telescope Mount (ATM) consists of a carrier spacecraft to 

which is attached a ghbaled spar containing optical equipment f o r  

1- 1 
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performing s o l a r  astronomy experiments from o r b i t .  

e i t h e r  t he  ascent  s tage  of t h e  Lunar Module (IN) o r  t h i s  vehic le  docked 

t o  an aggregation of o the r  f l i g h t  modules, p r i n c i p a l l y  t h e  Command and 

Service Modules (CSM) and t h e  S-IVB s t age  of  t h e  Saturn booster .  

l a t t e r  Configuration i s  ca l l ed  t h e  Cluster. 

a t t i t u d e  control  by t h ree  con t ro l  moment gyros (CMGfs) and a Reaction 

Control System. 

The c a r r i e r  may be 

The 

The c a r r i e r  is  actuated f o r  

The spar i s  actuated by torque motors mounted between 

t h e  gimbal system and a Rack at tached t o  t h e  LM. 

axes (p i tch  and yaw) a r e  hinged on flexure pivots .  

i s  not controlled o ther  than f o r  being moved from one f ixed  o r i e n t a t i o n  

Two of t h e  gimbal 

The t h i r d  axis ( r o l l )  

t o  another. 

The Pointing and Control System performs t h e  following funct ions:  

a. Maintain Cluster  con t ro l  without CMG m e n t u m  dumping more than 

b. 
once per o r b i t .  
U t i l i ze  minimum RCS f u e l  (none during day l igh t  per iod) .  

c. S t ab i l i ze  Cluster  during experiment period within capab i l i t y  of 

vernier  point ing system and star t r acke r .  

1 .  Pi tch & Yaw l e s s  than 0.1 degree range and 1 a r c  min/sec 

maximum ra t e .  

b11 less than 7.5 a r c  min during day l igh t  period and 1 a r c  2. 

min/sec maximum r a t e .  

d. Provide p i t ch  and yaw pos i t i on  of t h e  experiment package with a 

reso lu t ion  of 1 a r c  sec over - + 30.-min of a r c  with respec t  t o  t h e  

so l a r  cen ter .  

e. Provide r o l l  pos i t i on  of experiment package with 10 a r c  min accuracy 

over 2 95 degrees. 

f .  Provide absolute  s o l a r  point ing o r i e n t a t i o n  of 2 2.5 a r c  sec  i n  

p i tch  and yaw and 10 arc min i n  r o l l .  

1-2 
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g. Manual operation can improve absolute pointing accuracy. 

h. Stabilize experiment package in pitch and yaw within 2 2.5 arc sec 

over the daylight period. 

i. Maintain jitter rate less than 1 arc sec/second in pitch and yaw 

and 1 arc min/sec in roll. 

1.3.2.1 Inputs to ATM from LM 

Off s et Pointing Commands 
o Pitch 
o Yaw 

Astronaut Manual XMTR R o l l  Angle 
0 Roll 

Star Tracker Bias Angle 
Astronaut Manual XMTRS Rack Attitude 

o Pitch 
o Yaw 
0 Roll 

Gravity Gradient Momentum Dump Ehable 
Manual Gimbal Bias XMTR 

o Inner 
o Outer 

Momentum Dump Switch 
o Inner 
0 All 

1.3.2.2 Outputs from ATM to LM 

As tromut Display Span,Attitude 
o Pitch 

’ 0. Yaw 
0 Roll 

Astronaut Display Rack Attitude Error 
Gimbal Angle Display 

o Inner 
o Outer 

1- 3 
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Stored Angular Momentum Display 

H ~ ,  H39 H T  
Reaction Control Network 

o P i t ch  

o Yaw 

0 Roll 

1 . 3 . 3  Functional Subassemblies 

1.3.3.1 Control Moment Gyro Control System (CMGCS) 

The Control Moment Gyro Control System w i l l  provide f o r :  

a. So la r  acqu i s i t i on  

b. Automatic a t t i t u d e  hold operat ion 

c. Astronaut manual opera t ion  

The CMG Control System will cons i s t  of  3 con t ro l  moment gyros 

(CMGfs), 3 r a t e  gyros ( the  p i t c h  and yaw gyros w i l l  be mounted on 

t h e  experiment package and t h e  r o l l  gyro w i l l  be mounted on t h e  rack) ,  

a s t a r  t racker ,  a s o l a r  acqu i s i t i on  sensor  (coarse  sun sensor)  and elements 

o f  the PCS e l ec t ron ic s  assembly. 

Docking Adapter (MDA), CMG wheels w i l l  be spun up with predetermined 

After  docking t o  t h e  Mult iple  

gimbal angles .  When CMG gimbal angles approach t h e i r  limits dur ing  

operation, t h e  Service Module Reaction Control System (SM RCS) w i l l  

be used f o r  unloading t h e  CMGfs .  

t h i s  purpose during periods when t h e  LM/ATM i s  operated docked t o  

t o  the f i D A ,  For LM/ATM f r e e  f l i g h t  opera t ion  t h e  LM RCS w i l l  

The SM RCS w i l l  a l s o  be used f o r  

perform t h i s  funct ion.  Passive techniques a r e  being s tudied  as an 

a l t e r n a t e  means f o r  desa tu ra t ing  CMGls and thereby reducing RCS 

propellant expenditures.  In  order  t o  maximize s o l a r  observat ion 

time, t h e  CMG momentum unloading w i l l  occur dur ing  t h e  Earth shadow 

phase of t h e  o r b i t .  The momentum s torage  capac i ty  of each CMG i s  
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2000 ft-lb-sec. A primary input f o r  coarse pointing w i l l  be from 

the  sun sensor. Pointing during daylight phases w i l l  be achieved 

within a accuracy of 50.1' f o r  p i tch  and yaw and 57.5 a r c  minutes 

f o r  r o l l .  

aligned during the darkness phase of the o rb i t .  

inputs f o r  t h i s  mode w i l l  be the  r a t e  gyros and the  star t racker .  

An i n e r t i a l  hold mode will be provided t o  keep t h e  system 

The primary sensor 

1.3.3.2 Experiment Pointing System (EPS) 

The Ekperiment Pointing System w i l l  provide the following capabi l i -  

t i e s  f o r  t he  experiment package: 

a. Fine s o l a r  acquisit ion 

b. Offset pointing 

c. Automatic a t t i t u d e  hold operation 

d. Astronaut manual operation 

This system will consis t  of  t h e  experiment packagets gimbal suspension 

assembly, gimbal torquing actuators,  p i tch  and yaw r a t e  gyros, 

an experiment package r o l l  posit ioning device, a f ine  sun sensor, 

experiment package pointing control  te lev is ion  and associated pointing 

control equipment and elements of t he  PCS electronics  assembly. 

Experiment Pointing System w i l l  be capable of moving the experiment 

package 95' i n  r o l l  using the  r o l l  posit ioning device and 2 3' i n  

pi tch and yaw using the  gimbal torquing actuators .  

The 

The Experiment Pointing System w i l l  provide the  following experi- 

ment pointing accuracy for  a t  Least 15 minutes per o rb i t :  

a. Pi tch and yaw: ,+ 2.5 a rc  seconds 

b. Pi tch  and yaw j i t t e r  ra te :  2 1 a r c  second per second of time 

C. R o l l :  10 a r c  minutes 

d. R o l l  j i t t e r  ra te :  2 1 a r c  minute per second of  time. 

1- 5 
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1 . 3  . L a  . &Mar Components 

1.3.4.1 Control Moment Gyro  Control System -- .* - __ - 
Acquisit ion Sun Sensor 

Star Tracker 

Control Moment Gyros  

Elec t ronics  

Con t r 01s 

1.3.4.2 Experiment Pointing System 

Fine Sun Sensor 

Gimbal System 

Electronic  s 

Rate Gyros 

1 3.5 Mode Control --- 
The various modes of operat ion of the  cont ro l  systems a r e  described 

with the  assumption t h a t  t he  spacecraf t  i s  i n  an i n i t i a l  a r b i t r a r y  

a t t i t u d e  i n  space following i n j e c t i o n  i n t o  o r b i t .  A t  f irst  the  Spar 

w i l l  be  r ig id ly  locked t o  a n e u t r a l  p o s i t i o n  within the Rack by means 

of  a mechanical caging device.  

u n t i l  the Rack has been or iented t o  t h e  des i red  a t t i t u d e ,  which c m s i s t s  

The nechanical cage w i l l  be maintained 

of pointing roughly a t  t h e  sun while maintaining a r o l l  reference using 
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t he  star Canopus. The basic ,  or  inner  loop, re ference  f o r  c a r r i e r  

a t t i t u d e  i s  provided by thnse body-mounted single-degree-of-freedom r a t e  

in t eg ra t ing  gyros.  Each gyro i s  provided with e l e c t r i c a l  feedback from 

i t s  s igna l  generator t 9  i t s  torquing amplif ier  t o  enable caging f o r  t he  

t a r g e t  hold mode. 

G r o s s  o r i en ta t ions  are performed by a s ing  manual s igna l  t r a n s f i t t e r s  

t o  torque t h e  uncaged gyros. 

through compensation and deadband c i r c u i t s  t o  t h e  r eac t ion  j e t  

valves  and nozzles.  

cont ro l  s igna l s .  Since the  Cm cont ro l  s i g n a l s  a r e  appl ied d i r e c t l y  

t o  t h e  CMG's while t h e  reac t ion  j e t  s igna l s  a r e  passed through a 

deadband c i r c u i t  before  being applied t o  t h e  r eac t ion  j e t  valve d r i v e  

ampl i f i e r s .  it i s  c l e a r  t h a t  t h e  CMB's w i l l  a c t  as a ve rn ie r  moment 

Signals from t h e  gyros a r e  appl ied 

The same gyro s igna l s  a r e  processed t o  C E  

generat ing system wi th in  t h e  deadband o f  t h e  r eac t ion  j e t  system. 

When the CMGts a r e  no t  capable o f  handling a p a r t i c u l a r  dis turbance 

they  w i l l  overload, t h a t  i s ,  drive t o  t h e i r  gimbal limits o r  d r i v e  

t o  an o r i en ta t ion  where t h e i r  spin axes a r e  p a r a l l e l .  

occurs, t h e  RCS system i s  called i n t o  play.  The RCS system is ,  of 

course, always ca l l ed  i n t o  operation xhenever the e r r m  s i g n a l  i s  

oil tside the  RCS deadband. 

When t h i s  

I n i t i a l  acqu i s i t i on  cons i s t s  of locking the  Spar t o  the  Rack and then 

manually dr iv ing  t h e  vehic le  r o l l  axis t o  rough alignment with t h e  

sun l i n e .  

s u f f i c i e n t l y  near t h e  sun l i n e ,  t h e  "sun presence de tec to r t f  i n  t h e  

sun Sensor will produce a signal used t o  ac tua t e  t h e  MAN-ATJTO r e l a y  

t o  automatic. 

l i n e ,  developed within t h e  sun sensor, a r e  then  applied through t h e  

1-7 
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r e l a y  t o  torque t h e  uncaged gyros. This procedure, s laves  the  p i h h  

and yaw axes of the  ATM c a r r i e r  t o  t h e  sun l i n e .  

During the periods of occul ta t ion  of the  sun, t h e  absence of a s igna l  

f r o m  the  "sun presence de tec tor"  r e l e a s e s  t h e  re lay ,  and a t t i t u d e  

reference rever t s  t o  t h e  gyros alone. 

so t h a t  t h e  sun, when next seen, i s  within t h e  f i e l d  of view of the  

acquis i t ion siln sensor. 

each time it reappears. 

The gyros w i l l  hold t h e  v e E c l e  

Thus, t he  sun will be automatical ly  reacquired 

1.3.5.1 U4G Momentum Dumping 

When the  T.,M/Rack i s  operated with the Cluster  configurat ion or iented 

t o  poin t  the Rack t o  the  sun, l a rge  aerodynamic and g r a v i t y  grad ien t  

torques cause angular momentum t o  be accumulated by the SIG's. These 

a r e  f o r  t h e  most p a r t  cyc l i c  torques,  f o r  which t h e  average change i n  

angular momentum i s  zero. One component of t he  g r a v i t y  grad ien t  torque 

i s  not  cyclic,  and c e r t a i n  deviat ions of the Cluster  from a c y l i n d r i c a l  

geometry can r e s u l t  i n  u n i d i r e c t i o n a l  componenvs of aerodp.amic torque. 

Also, magnetic torques may exist whose average value i s  not zero.  

Consequently, angular momentum i s  accumulated and must be d-mped 

per iodic  a l ly .  

The gravi ty  grad ien t  method can be implemented a s  an automatic adaptat ion 

of t he  control system and requi res  only small chnnges from the  nominal 

f l i g h t  mode f o r  morientum cont ro l .  

is  on the  dark s ide  of the  o r b i t  and t h e  ATM i s  mt  operat ing,  o r  they 

may be made throughout the o r b i t  with the  vern ier  gimbal cont ro l  system 

comect ing  f o r  the point ing e r r o r s  they produce. 

These may be m d e  when t h e  m a z e c r a f t  
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Provision i s  made f o r  e i t h e r  manual or  automatic momentum dump. I n  

t h e  manual mode, t h e  as t ronaut  i s  required t o  monitor a l l  CMG gimbal 

angles  and t h e  magnitude of t h e  s tored  angular momentum (alarm buzzers 

o r  l i g h t s  can be provided t o  warn of  an impending l imi t ed  gimbal). A t  

any des i red  time, t h e  astronaut  may depr-ess a spring-loaded momentum 

dmp switch, which operates  a relay a t  t h e  inpu t  t o  t h e  CMG torquing 

ampl i f ie r .  When t h e  r e l a y  is actuated, tho  C b E  i s  e l e c t r i c a l l y  reset 

(or  caged) by feeding a s igna l  from t h e  gimbal angle  pickoff back t o  t h e  

torque ampl i f i e r .  The torquer  w i l l  then d r ive  t h e  C E  gimbals involved 

t o  a pos i t ion  determined by the  manually set "bias  controlf1 (wh-izh nay 

be zero) .  

If automatic momentum dump operation i s  des i red ,  t h e  mode s e l e c t  switch 

i s  s e t  t o  ffATJTO.fl This az t ion  puts i n t o  t h e  c i r c u i t  a s p e c i a l  l e v e l  

sensor device which operates  as follows: A s  a gimbal i s  dr iven  t o  i t s  

limit i n  e i t h e r  d i r ec t ion ,  t h e  l e v e l  sensor produces a zero s igna l  u n t i l  

a po in t  j u s t  s h o r t  of t h e  mechanical limit s t o p  i s  reached. A t  this 

po in t  t h e  l e v e l  sensor produces a s igna l  which closes  t h e  CNG caging 

r e l a y .  Although the  CMG gimbal begins  t o  d r i v e  toward n u l l ,  because of  

caglng ac t ion ,  t h e  l e v e l  sensor. because of b u i l t - i n  h j s t e r e s i s ,  continues 

t o  produce a s igna l  u n t i l  a point c lose  t o  t h e  p re se t  b i a s  i s  reached. 

Thus, when t h e  Rack i s  subjected t o  an average un id i r ec t iona l  dis turbance 

torque, t h e  appropriate  CMG gimbals will be dr iven i n  a d i r e c t i o n  t o  

oppose t h e  dis turbance.  

w i l l  be  automatical ly  actuated by the  l e v e l  sensor and w l l l S 3  held i n  

u n t i l  t h e  caging loop has brought t h e  CMG gimbal back t o  n u l l .  

e f f e c t  will be t o  cycle  around one s i d e  of  t h e  l e v e l  sensor h y s t e r e s i s  

When a gimbal  limit i s  reached, t h e  caging r e l ay  

The gensral  
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Caging of a s i n g l e  CMG may r e s u l t  i n  t h e  to rque ' s  being absmbed by t h e  

other  tw:, CE 's  o r  i n  t h e  r eac t ion  je t s  being ac tua ted .  

sensor senses t h e  magnitude of t h e  t o t a l  angular momentum s to red  by the  

C I G ' s .  

and held i n  t he  caged mode by hys t e re s i s  i n  t h e  sensor u n t i l  they a r e  

near a preselected condi t ion of zero stored angular momentum. This 

ac t ion  always causes the c a r r i e r  t o  b e  ro t a t ed  t o  t h e  limits of t h e  

r eac t ion  control deadbmd, and t h e  je ts  provide impulse t o  dump the  

mDmentiun from t h e  CMG' s . 

A s i x i l a r  l e v e l  

Wnen t h i s  value approaches sa tu ra t ion ,  a l l  CM;; gimbals are  caged 

1.3.5.2 Esrp eriment Pointing System 

The ,Spar possesses i t s  own a t t i t u d e  con t ro l  system t o  pe:zit  t h e  extremely 

f i n e  pointing accuracy reqai-red by t h e  te lescope.  

from t h e  sun l i n e  a r e  sensed by a p rec i s i an  sun serisor capxble of t r ack ing  

t h e  center  of t he  sm. This sensor i s  provided with manually con t ro l l ab le  

o p t i c a l  wedges i n  i t s  f i e l d  of view t o  permit o f f s e t  po in t ing .  

be remembered t h a t  t h e  Spar i s  locked within t h e  Rack during i n i t i a l  

a t t i t u d e  acqi is i - t ion.  

proper sun-Canopus o r i en ta t ion ,  and t h e  R a c ~  i s  i n  t h e  automatic a t t i t u d e  

hold mode, t h e  Spar-Rack locks  are de-energized and f i n e  poin t ing  takes  

place.  

t o  torque amplif iers ,  which d r ive  p i t c h  and yaw gimbal t o rque r s .  

are developed by the  torquers ,  which a r e  mounted on t h e  gimbals holding 

the  Spar t o  t h e  Rack. Thus, t h e  ,Spar i s  pointed i n  a ve rn ie r  manner by 

being torqued aga ins t  t h e  i n e r t i a  of t h e  Rack. 

P i tch  and :raw deviat ions 

It will 

When the  e n t i r e  vehic le  has  been brought t o  t h s  

Signals f rom the prec is ion  sun sensor loca ted  on t h e  Spar are fed 

Moments 

The r e s u l t i n g  distu-rbances 
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i n  t h e  Rack a r e  absorbed by t h e  previously described CMG system. 

Rate dimpiing i s  provided by two prec is ion  r a t e  i n t e g r a t i n g  gyros. 

No independent automatic roll control system i s  provided t o  the  Spar. 

Primary r o l l  reference is ob tdned  from the  Canopus sensor 3n the  Rack. 

However, t h e  Spar does 'nave a roll freedorn withirl t h e  Rack. Spar r o l l  

i s  control led inanually by the asl;;-:mauts and referenced by a p r e c i s i m  

r o l l  angle pickoff betwsen t h e  Spar and Rack. During periods of sun 

occul ta t ion  t h e  Spar +nbal torquers a r e  e l e c t r i c a l l y  caged, with 

s igna l s  fed  back from gimbal angle pickoffs  t 3  the  corresponding to iquzr  

ampl i f ie r .  Hence. 1 vernier polnting mode a c q u i s i t i o n  i s  required each 

time the sun i s  i n i t i a l ly  acquired. 

problem since the  sun w i l l  be in t he  f i e l d  of view of t he  p r e c i s i o n  sun 

sensor although not  on the  null. 

This requirement presents  no p a r t i c u l a r  

Ultimate point ing i s  achieved bj means of  the  manually cont ro l lab le  

o p t i c a l  wedges. "he r e s u l t s  are observed th-ough a bore-sighted vidii-on 

sun viewer. 

1.3.5.3 R o l l  Reference 

"he proposed reference f o r  r o l l  about the sun l i n e  i s  a Canopus t r a c k e r  

mounted on the  Rack. 

o r b i t  when t h e  LI4 i s  docked t d  Lhe Clustar .  The f l i g h t  mode i s  a s sumd 

t o  bs one t h a t  keeps the  I m g i t u d i n a l  axis of the  Clzster  noininally i n  

t h e  o r S i t  plane.  

which w o ~ l d  a c t  w i t h  t h i s  axis out of t h e  o r b i t  plane. 

e s s e n t i a l l y  fixed r e l a t i v e  t o  the sun, wLth t h e  CK-ls absorbing an2 re1aani.n;; 

Figure 1-1 sho-m the geometry of the  ATM i n  

"his is  r .qu i red  t o  minimize l a r g e  u n i d i r e c t i o n a l  torques,  

The Cluster  remains 
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t h e  cyc l ic  angular momentum accrued from t h e  g r a v i t y  grad ien t  torques 

ac t ing  i n  p i t c h .  

To accommodate the  f l i g h t  mode, the  t racker  must be gimballed through 
+ + - 67 deg. on one axis ( t h e  outer) and - 15 deg. on the  other  ( t he  inner  ) 

t o  maintain a view o f  CanopJs. 

i, o f  28.5 deg r e l a t i v e  t o  t h e  equator. I t s  l i n e  of nodes r e l a t i v e  t o  

the  e c l i p t i c  regresses  a t  a r a t e  of about 6.sdeg/dag, causing the a n g l e g  

i n  t h e  f igu re  t o  move through the - 67 deg. 

t h e  sun, the l i n e  of s i g h t  t o  Canopus appears t:, r o t a t e  about the  d i r e c t i o n  

t o  t h e  south c e l e s t i a l  pole  a t  a r a t e  of one revolut ion per yaar ,  causing 

t h e  angle b 

The o r b i t  i s  assumed t o  have an i n c l i n a t i o n ,  

S 
+ 

A s  t h e  e a r t h  revolves about 

+ 
i n  t h e  f igu re  t o  move through - 15 deg. 

S 

The angle 

of t he  star t r acke r .  

i s  used a s  the r o l l  reference for the  Cluster  cont ro l  system. Since 

va r i e s ,  it must be updated from time t o  time. 

and t h e  accuracy of i t s  computation a r e  not c r i t i c a l ,  however, s ince  a 

s l i g h t  deviat ion of t h e  longi tudinal  a x i s  from t h e  x S i t  plane i s  to l e rab le .  

q S  i s  computed and used t o  b i a s  t h e  s igna l  from on2 gimbal 

d s  The difference between t h i s  gimbal angle and 

S 

The frequency of updating 

The r o l l  angle of t he  spar  is referenced t o  t h e  Rack by a prec is ion  angle 

pickoff,  a s  i s  the  gimbal angle on the  s t a r  t r acke r ,  which moves i n  the  

d i r e c t i o n  of 

measure of t h e  s p a r ' s  r o l l  angle r e l a t i v e  t o  i n e r t i a l  space i f  only the  

time of year i s  known. The precis ion of t h i s  measurement i s  l imi ted  by 

t h e  accuracy of t he  angle pickoffs on the  spar  and t racker  gimbal; 

pickoffs can conveniently be made l e s s  than 10 a r c  sec. 

s. 
The difference between t h e  angles  gives  a prec ise  

t h e s e  

The l i n e  of  s i g h t  

1- 13 
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occul ted by t h e  e a r t h  during a part  of each o r b i t .  

de t ec to r  removes the  s igna l  from t h e  star t r acke r ,  

leaving t h e  CMG's  t o  maintain a t t i t u d e  on t h e  b a s i s  of t h e  r o l l  gyro, 

which i s  ant inuously torqued t o  t h e  required o r i e n t a t i o n  by t h e  s i g n a l  

fram the  star t racker  when Canopus i s  i n  view. To f a c i l i t a t e  automatic 

reacquis i t ion o f  Canopas af ter  occul ta t ion ,  t h e  Canopus presence 

de tec tor  w i l l  also a c t u a t e  a lock t o  cage t h e  t r acke r  gimbals during 

t h e  period of occul ta t ion .  
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I 1.4 Test Program Summary 

I 1.4.1 General 

I 
1 

The Acceptance Test Program conducted on the Pointing Control System 

(PCS) shall consist of Post Manufacturing Tests, Vibration Tests and 

Thermal Vacuum Tests. 

formed in building 4708 at MSFC in the to be constructed alignment 

station. 

test will verify that the system will withstand the launch environment. 

The thermal and vacuum test (TV) will be performed at 

The PCS post manufacturing tests shall be per- 

The vibration tests will be performed at P&VE of MSFC. This 

(facility location not established) and wil l  consist of the operation 

of the PCS in a TV chamber. 

determine any arcing or corona effects between the components of the 

integrated system, adequacy of the thermal control techniques utilized, 

degradation of materials due to effects of a high vacuum and solar 

The primary purpose of this test w i l l  be to 

I 

radiation, hot and/or cold spots in equipment, cold welding of moving 

parts and sealing of pressurized components. 

I 1.4.2 Definition of Tests 

I 
1.4.2.1 Acceptance Tests -- These tests conducted at the factory will 

constitute custoiiier acceptance of each Ehd-Item Assembly. A 

detailed Acceptance Test Procedure (ATP) will be prepared in 

accordance with NPC 200-3. 

wil l  be the following: 

The acceptance tests to be performed 
I 

a. Size and mounting provision 

b. Weight 

c. Input characteristics 

d. Output characteristics 

e. Power consumption 

1-15 
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f. Accuracy 

g. Grounding 

h. Calibration 

i . Phyiscal appearance 
j . Environmental tests 
Test Procedure Approval -- The contracting agency's preliminary 
approval of an ATP is required prior to the onset of acceptance 

testing. 

criteria as applied to acceptable test limits. 

ATP's, which shall incorporate any changes resulting from qualifi- 

cation testing, is required for the contracting agency's acceptance 

of flight units. 

the Equiwent Log. 

The approved version shall embody the contractor's design 

Final approval of 

ATP data sheets shall be included as part of 

Equiment Log 

The Contractor shall submit an equipment log for each component of the 

Pointing Control System 

Ehvi=.onmental Summary 

In general, the environmental levels for acceptance testing shall not 

be less than the expected environmental conditions to be experienced in 

its application to a mission. 

Standard Test Conditions 

Standard test conditions are room ambient conditions of temperature, 

humidity, and atmospheric presswe. 

be recorded during the test. 

Actual ambient test conditions shall 
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Whenever these conditions must be closely controlled in order to obtain 

reproducible results, a reference temperature of t7'0°F, a relative 

humidity of35%, and an atmospheric pressure of 30 inches of mercury 

shall be used, together with those tolerances required to obtain the 

desired precision of measurement. 

1.4.5.1 Tolerances - The maximum allowable tolerance on test conditions 

shall be as follows: 

a. Temperature High i & F  

Low t O:F 
-10 F 

b. Altitude - + 5% 

c. Relative Humidity +3% -2% 

d. Vibration Amplitude - + 10% 

e. Vibration Frequency - + 2% 

f. Time durations - + 55% (generally) 
g. Additional tolerances -- Additional tolerances shall be specified. 

1.4.6 Test Approval 

All facilities, equipment, tests, and procedures required for testing the 

PCS shall be approved by the Contracting Agency prior to initiation of 

the test program. 

laboratory shall be performed in the presence of or approved by the 

Contracting Agency designated - responsible inspection representatives. 

Testing conducted by either contractor or an approved 

1 A 7  Test Surveillance 

Notification of the location of tests and of the time such tests will be 

initiated sha$l be supplied to the Contracting Agency as soon as practicable, 

but no less than r$ hours in advance of the start of the tests. 

shall  begin prior to approval of the test procedure. 

No testing 

1- 17 
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1.5 Applicable Documents 

A. Marshall Space Flight Center Project Develoment Plan (PDP) f o r  Apollo 

Telescope Mount, dated 13 April,  1967. 

B. Test Program Guidelines f o r  ATM, MSFC 50MO2407, 1/25/67. 

C. Apollo Applications Test Requirements '(when published). 

D. SP-6001, Apollo Terminology. 

E. MSFC Procedure 239.38 Test Procedure Preparation. 

F. MIL-STD-831 Test Report Preparation. 

G. ATM System General Specification MSFC No. . 
H. Apollo Applications Program General Test Plan f o r  Apollo Telescope Mount 

Project MSFC 50M02410 dated 21 April, 1967. 

I. Preliminary Cr i te r ia  -- Seismic Pad, Bldg 4708, f o r  Alignment Verif icat ion 
Test, Apollo Telescope Mount. 
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2.0  

2 . 1  General 

The o v e r a l l  ground t e s t i n g  concept must y i e l d  m a x i m u m  confidence t h a t  

t he  hardware w i l l  operate a s  required i n  the  prescr ibed environment 

through t h e  mission d.wat ion.  

be control led by t h e  ATM General Test Plan. The t e s t  program s h a l l  

cover a l l  t e s t i n g  required for  t h e  PCS including design evaluat ion,  

manufacturing process qua l i f ica t ion ,  acceptance and pre-launch a c t i v i t i e s .  

The t e s t  plan s h a l l  a l s o  e s t a b l i s h  the general  requirements f o r  prepa- 

r a t i o n  of d e t a i l e d  t e s t  documentation. The following guidel ines  s h a l l  

Summary of Major Test Program Pol ic ies  and Requirements 

A l l  PCS system t e s t i n g  a c t i v i t y  s h a l l  

be 

a .  

b .  

C .  

d .  

e .  

f .  

u t i l i z e d  i n  developing t h e  PCS t e s t  program: 

The PCS t e s t  program consis t ing of develapmcnt , q u a l i f i c a t i o n ,  

acceptance, i n t eg ra t ion ,  and r e l i a b i l i t y  t e s t ing  s h a l l  be 

c l o s e l y  interwoven t o  make maximum u t i l i z a t i o n  o f  tes t  hardware. 

A l l  t e s t s  s h a l l  be performed a t  t he  highest  hardware generation l e v e l  

p r a c t i c a l  with minimum piece  part t e s t i n g .  

Complete acceptance t e s t s  s h a l l  b e  conducted a t  t h e  o r i g i n  of 

manufacture where poss ib le  t o  reduce dupl ica te  t e s t i n g .  

Existing resources s h a l l  be u t i l i zed  where p r a c t i c a b l e  ( f a c i l i t i e s :  

equipment, procedures, da ta  and  personnel .) 

Resul ts  of other  programs sha l l  b e  u t i l i z e d  where poss ib le  and 

only the  d e l t a  between t h e  p-ograms shall be t e s t e d .  

Requal i f icat ion s h a l l  be minimized. 

2 .2  Development Testing (Reference) 

Development t e s t s  s h a l l  include t e s t s  required t o  evaluate  and optimize 

t h e  ATM design, and s h a l l  be performed t o  e s t ab l i sh  a configurat ion complying 

with mission requirements. 

2- 1 
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Ultimate object ives  s h a l l  be t o  i d e n t i f y  design weaknesses and to i d e n t i f y  

a reas  of performance degradation t o  permit e a r l y  opt imizat ion of design.  

Evaluations on hardware performance under simulated o r  a c t u a l  environmental 

condi t ions s h a l l  be  conducted. 

camponents and snbsystems, systems compat ib i l i ty  

Tests inc lude  engineer ing eva lua t ion  of 

and the  t o t a l  system. 

Development t e s t s  sha l l  be concerned wi th  areas where pyesent q u a l i f i c a t i o n  

da ta  are unavailable,  o r  inadequate,  and a d d i t i o n a l  information regarding 

var ious mater ia l s  and processes  i s  necessary t o  proceed with a design.  

Modifications and f i x e s  r e s u l t i n g  from t e s t i n g  f a i l u r e s  s h a l l  b e  documented 

2nd incxpora t ed  R S  design changes. 

Developmental t e s t i n g  s h a l l  encompass s t a t i c  s t r u c t u r e  v i b r a t i o n  thermal- 

vacuum, temperature shock, acce le ra t ion  and EMC. 

2 .S  Qual i f ica t ion  - Test ing (Reference) 

Q u a l i f i c a t i o n  t e s t i n g  s h a l l  be conducted 3n a l l  unqual i f ied  Zomponents, 

sybsystems, and systems. Engineering judgment s h a l l  determine ex ten t  and 

degree of  t e s t i n g  necessary t o  in su re  f u l l y  q u a l i f i e d  f l i g h t  a r t i c l e s .  

most cases ,  the t e s t s  and test  l e v e l s  will b e  t h e  same a s  those  used during 

the  developmental t e s t i n g  phase. 

hardware * s a b i l i t y  t o  perform ( s t r u c t u r a l l y  and func t iona l ly )  wi th in  t h e  

mission environment. 

be f l i g h t  configurations.  

I n  

Q u a l i f i c a t i o n  t e s t i n g  s h a l l  confirm the  

Units  t o  be subjected t o  q u a l i f i c a t i o n  t e s t i n g  s h a l l  

2 . 4  Acceptance Test ing 

Acceptance t e s t ing  s h a l l  be an  i n t e g r a l  part of production a c t i v i t i e s .  

The t e s t  program s h a l l  confirm t h a t  manufacturing opera t ions  have been 
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accomplished i n  accordsnce with engineering documentation: t h a t  t h e  

t e s t ed  items have met a l l  design c r i t e r i a  and in t en t ;  and t h a t  t e s t e d  

items in te r face  physically and functionally with other f l i g h t  and 

ground support equipment items. 

Acceptance t e s t i n g  s h a l l  normally be condacted a t  t he  manufacturing 

s i t e ,  although acceptance t e s t i n g  will be conducted u n t i l  vehic le  

launch. 

spec i f ic  acceptance tes t s .  

Test a r t i c l e s  f o r  qua l i f ica t ion  t e s t i n g  w i l l  be subjected t o  

Acceptance Tests will be conducted by t h e  contractor p r io r  t o  shipment 

of each PCS sblbsystsm t o  prove compliance with t h e  parformance requirements 

of i t s  spec i f ica t ion .  

NPC 200-3 and s h a l l  be the  following: 

These tes t s  s h a l l  be performed i n  accordance with 

2.9. I Post Manufacturing Examination 

Each PCS subsystem s h a l l  be examined f o r  conformance t o  t h e  requirements 

of i t s  spec i f ica t ion  f o r  wDrkmanship and marking, and t o  the  applicable 

drawings. 

2 . 4 , 2  Post Manufacturing Test 

Each PCS s h a l l  be t e s t ed  t o  demonstrate compliance with the performance 

requirements of i t s  spec i f ica t ion  under normd operating conditions 

p r i o r  t o  expasure t o  t h e  acceptance (Vibration & Thermd Vacuum) tes t s .  

-- 2 .4 .3  Acceptance Ebvironmental Tests 

Each PCS s h a l l  meet t h e  performance requirements of i t s  spec i f ica t ion  

while sabjected t o  t h e  following environmental conditions unless otherwise 

spec i f ied .  The pre  and post-environmental performance s h a l l  be conducted 

2- 3 
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each t i m e  t h e  Acceptance Ehvironmental Tests a re  performed. 

Nonoperating Tests 

Vibration 

Operating Tests 

Thermal -A c cur ac j r  

(Performmce during thermal expcmure) - Tests s h a l l  b e  conducted 

t o  demonstrate t h a t  t h e  PCS meets t he  requirements of t he  Acceptance 

Test Specifications over the defined temperature extremes. 

s h a l l  b e  conducted under steady s t a t e  thermal conditions. 

These t e s t s  

Leak Tests  

(Before and a f te r  environmental exposure) - Pressurized systems 

s h a l l  be tes ted f o r  l eaks  t o  the  requirements specif ied i n  

2.4.4 Post-Environmental Performance Tests 

Upon completion of a l l  environmental t e s t ing ,  t h e  PCS s h a l l  be subjected 

t o  tes ts  t o  the extent  necessary t o  assure tha t  environmental t e s t i n g  

has not  caused degradation of performance . 

2 . 4 . 5  

A l l  acceptance tes t  data  and reports  s h a l l  be i n  accordance with NPC 

Acceptance Test Data and Reports 

200-3. 
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2.5  GROUND SUPPORT EQUIPMENT 

2 . 5 . 1  ?enera1 

The Ground Sup-,ort Equipmnt (GSE) s h a l l  contain pmvis ions  iiecessarg 

t o  chezkout, se rv ice  and handle t h e  PCS s:tbsystems and system a t  t h e  

technica l  support and operations areas. %stems Lest w i l l  bo conducted 

a t  MSFC (Bl?g. 4708). ViSration tes t ing  w i l l  be conducted i n  the  PtsCVS' 

labors tory .  

determined .. 
Thermal vacuum te s t ing  w i l l  be performed a t  a s i t e  t o  be 

Two s e t s  of E l e c t r i c a l  3ipport  equipment (ESE) w i l l  be b - J l l t .  Both the 

prot,ot;ype u n i t  and the  f l i g h t  u n i t  w i l l  b e  t e s t e d  a t  MSX concurrently.  

Experiment checkout equipment (ECE) w i l l  1 x 2  supplisd by the  principal. 

i nves t iga to r s .  

f o r  o v e r a l l  system t e s t i n g  and t h e  ECE w i l l  be used by the  pr inc ipa l  

inveskigators  f o r  experiment tes t ing,  c a l i b r a t i o n  and maintenance. 

The ESE w i l l  be supplied 3y MSFC. The ESE will be used 

2 . j  . 2  

2 . 5 . 2 . 1  

Testing on the  PCS w i l l  be performed i n  bui ld ing  4708 using a manual ESZ. 

Each s e t  of manlial- ohecko:!.t equipment w i l l  comprise approximately 30 racks 

of equipmen-c. 

personnel a c c e s s i b i l i t y  f o r  operation and maintenan2e. 

Siipport Eqiiipinent Functional Requirements 

Post Maniif actur ing Tes t inp  

Space requirements will consider equipment placirnent and 

Two a reas  a r e  required,  aach of 700-1000 square f s e t ,  f o r  a t o t a l  requiremens 

of 1400-2000 square f e e t .  

space a v a i l a b l e  t o  handle this requirement. 

be necessary but  cannot be iden t i f i ed  a t  this time. 

It appears t h a t  Bldg. 4708 a t  MSFC has s u f f i c i e n t  

Modifications t o  the a rea  will 

I f  the  two ( 2 )  planned 

2- 5 
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s e t s  of ESE are i n s t a l l e d  i n  Bldg 4708, h a r d l i n e  cabl ing w i l l  be necessary 

t o  the P&VE Lab t o  enable t h e  performance of t h e  v i b r a t i o n  t e s t i n g  a t  t ha t  

l o r a t i o n .  An a l t e r n a t i v e  t o  t h i s  would be  t o  move t h e  s e t  ESE from Rldg 

47079 to  t he  P&VE La5 upon completAon of the systems t e s t  and p r io r  t o  

perfo-mance of t h e  v i b r a t i o n  t e s t .  

Approx-inately 3-% tons  of  r e f r i g e r a t e d  a i r  conditioning w X l  be needed f o r  

each s e t  of  ESE t o  provide temperature cont ro l  of t h e  e l e c t r o n i c  equipmem. 

This est imate  is based on similar systems present ly  used f o r  system t e s t i n g .  

An a l t e r n a t e  approach i s  to i n s t a l l  the  ESE i n t o  t r a i l e r s .  

t r a i l e r i z e d  system w i l l  r e q i i r e  t h ree  ( 3 )  t r a i l e r s  approximately 35 f e e t  

long. 

A mobil-e, 

This w i l l  provide 700 square f e e t  of space f o r  each s e t  of ESI.  

2 . 5 . 2 . 2  Vibration Testing 

The ESE t o  be used f o r  t he  v i b r a t i o n  t e s t i n g  i n  the  P&VE aTea be 

t r a n s p w t e d  by t r a i l e r  t o  t h e  P&VE bui lding.  

f e e t  and power o u t l e t s  of 15,000 watts of 110/208 Volt 3 phase 60 Hz w i l l  

be required . 

Parking space of 1000 square 

2.5.2.3 Thermal Vacuum Testing 

The proposed method of supporting the  TJ system ter;i; i s  by : - ? l x a t i n g  

a checkout system to t h e  t e s t  f a c i l i t y  during t h s  t e s t i n g  pr'ogi-m. 

would pe.'mit the 'me of the  ESE for both t h e  piwtotype and f l i g h t  a r t i c l e  

a t  the  thermal varsuum f a c i l i t y .  

up 

This 

A t e s t  stand p e r m i t t h g  a v e r i i c a l ,  f r m t  

or ien ta t ion  of t h e  ATM w i l l  be required a t  the  TV f a c i l i t y .  
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2.6 Test Documentation 
--_I 

2.6.1 Acceptance Test Plan - .--- 

The acceptance t e s t  plan s h a l l  contain the general acceptance t e s t  requirements, 

including the  t e s t s  t o  be conducted, environmen->a1 extremes and exposure 

durations, and the PCS parameters t o  be meaxred before, during, and a f t e r  

each Thermal Vaciium & Vikwation t e s t .  

2.6 2 Acceptance Test Procedure 

An acceptance t e s t  procedure s h a l l  be wri t ten by the  t e s t ing  agency p r io r  

t o  t h e  s t a r t  of acceptance t e s t ing .  The acceptance tes t  procedure s h a l l  

contain the detailed,  step-by-step procedure fo r  implementation of t he  

acceptance t e s t  plan. 

descriptions of t he  environmental t e s t  charthers, the t e s t  equipment t o  be 

used i n  conducting functional tests (including manufacturer I s model nwbers  

f o r  standard instrumentation) and diagrams of t e s t  s e h p s  . 

The acceptance t e s t  procedure s h a l l  contain detai led 

2.6.3 Acceptance Test Report_ 

An acceptance t e s t  report  ~211 be submitted by the t e s t i n g  organization 

a t  t h e  cmclusion of acceptance tes t ing .  

as a report with a discussion of fa i lures ,  changes, and r e t e s t ing .  

- - 

The t e s t  data w i l l  be compiled 

2.6.4 Fai lures  

An acceptance t e s t  f a i l u r e  shall be defined as the  i n a b i l i t y  of the PCS 

t a  meet any of the requirements of i t s  specif icat ion i n  any phasa o f  

acceptance t e s t ing .  

-- 
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2 . 7  Logis t ics  Requirements -I 

Logis t ics  support requirements s h a l l  be based on systems ana lys i s ,  

mahtenance ana lys i s  of hardware, and end i tem and s i t e  l o g i s t i c s  

requirsments s i m a r i e s .  

f l i g h t  hardware and GSE by t h e  contractor  f o r  PCShardware. 

Logis t ics  support  s h a l l  be  provided f o r  both 

The required l o g i s t i c s  support elements s h a l l  include : 

a .  Spai-es Provisioning 

b . Inventory Management 

c .  Maintenance 

d.  Technical Support Data 

e . "ran spor t  ati.m/Packaging 
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3.0 Test Environment -- Requirements - 
3.1 General 

The environments required f o r  t h e  t e s t ing  of t h e  PCS system w i l l  be  

supplied by an environmental enclosure and t e s t  s tand i n  Bldg. 4708. 

This t e s t  stand and Seismic pad w i l l  b e  i n  an enclosed area  which is  

environmentally controlkd t o  a class 10,OW clean Toom Federal  Standard 

20RZdiiring the t e s t .  T h i s  enclosure and environmental con-trol system 

will be of t he  laminar flow t y p e  enter ing a t  t h e  top  and exhausting t h r u  

t h e  f loo r .  

s h a l l  be 35 percent - 5 percent  a t  70°F. 

The temperature s h a l l  be 70°F f S0F. and the  r e l a t i v a  humidity 
+ 

3 . 2  Pointing Control System 

The t e s t  area f o r  t h e  checkout o f  the PCS w i l l  require  an environment 

cont ro l led  ';iI a c l a s s  10,000 Slean room (FS209d w i t h  the  tempsrature 

and humidity regulated t o  70°F 

The mounting of t h e  so l a r  sensors r e l a t ive  t o  t a r g e t  s i rni la t ion will 

reqli ire i s o l a t i o n  from geo-physical and c u l t u r a l  dis turbances.  

Figure 3-1. 

S0F and a 35 percent RH r e spec t ive ly .  

See 

3 . 3  Support Equipment 

The ESE u t i l i z e d  i n  the  t e s t i n g  of the PCS will requi re  a cooling system 

t o  d i s s i p a t e  15,000 watts of energy. 

cooled by a wat;r cooling system external t o  t h e  test  area but  t h e  s i n u l a t o r s  

w L 1 1  reqluire a Seismic pad f o r  i s o l a t i o n  from geo-phJrsical and c u l t u r a l  

dis turbances.  

The simiilators u t i l i z e d  w i l l  be 
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3.4 F a c i l i t i e s  

The MSFC Bldg. 4708 and the  MSFC P&VE Laboratory a r e  capa51e o f  supporting 

the  t e s t i n g  of t h e  PCS i n  i t s  required t e s t  environmen-G. The se l ec t ion  

of a f a c i l i t y  fo r  t h e  TV t e s t  ~5.11 n e c e s s i t a t e  a fu r the r  review. 

3- 3 
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4 -1 Acceptance Tests 

4 .l. 1 Ob j ec t i v e  s -- 
The objec t ives  of t h e  acceptance t e s t s  o f  t h e  Pointing ConLrol System 

(PCS) a r e  t o  v e r i f y  proper opera+,ion of t h e  var ious PCS subsystems and 

compat ib i l i ty  with t h e  corresponding e l e c t r i c a l  support equipmen-c; t o  

v e r i f y  t h a t  t h e  PCS subsystems conform t o  design spec i f i ca t ions  and 

i n t e r f a c e  properly with each other ;  and t o  v e r i f y  proper operat ion of 

t h e  PCS i n  an in tegra ted  systems tes t  of  t h e  t o t a l  ATlJI configurat ion.  

4 . 1 . 2  Test Summary 

The f o l l o w i r g  tests w i l l  b e  prformed on t h e  PCS system i n  Post Manufacturing 

tes ts .  

Alignment 

At t i t ude  Sen sors 

Dig i t a l  Computer 

Control Moment Gyro Systems 

Exper i n e n t  Pointing System 

In teg ra t ed  Tests 

Redundant Tests 

Alignment - Tests 

The ob jec t ive  of t h e  v e r i f i c a t i o n  w i l l  be t o  ensure o p t i c a l  and e l e c t r i c a l  

harmonization of t h e  PCS sensor inputs  t o  LM ind ica to r  o r  CMG torque outputs .  

Ver i f ica t ion  will be made with t h e  sensors energized and receiving r a d i a t i o n  

frrm a s imulator .  

4- 1 
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b 2 2  1 Sensor Alignment --- 
Ekperiment Pointing System Alignment V e r i f i c a t i o n  - ----- 
Acquisit:ion Sm Sensors Alignment Ver i f ica t ion  -., _I_- 

Star Tracker Alignment Ver i f i ca t ion  

4 . 3  A t t i t u d e  Sensors Tests 

4 3 .1  Experiment Pointing System 

------- 
- ----- 

Vet-ify t h e  funct ional  operat ion of t h e  EPS a f t e r  i n s t a l l a t i o n  i n t o  .the 

ATTI, then v e r i f y  comp2tibi l i ty  of t h e  EPS with t h e  PCS. 

4 .3 .2  Acq!iisi.tion Sun Sensors 

Verify t h e  funct ional  operat ion of t h e  ASS a f t e r  i n s t a l l a t i o n  i n t o  t h e  ATTI 

- 

and then v e r i f y  compatibi l i ty  of  t h e  ASS with t h e  PC3. 

' 4.3.3 S ta r  Tracker 

Verify t h e  funct ional  operat ion of t h e  ST after i n s t a l l a t i o n  i n t o  the  

ATPI, and then ve r i fy  compa t ib i l i t y  of t h e  SP with t h e  PCS. 

4 4 Digi.ta1 Compater - 
Verify, by in t e r f ace  t e s t s ,  t h e  compa t ib i l i t y  between the I n p u t a u t p u t  

-- 

Assembly (I/OA) and t h e  PCS system v i a  t h e i r  i n t e r f a c e s .  

4.5' Control Moment Gyro Systems 

Verify t h e  C?IG performance i n  an i n t e g r a t e d  system and evaluate  t h e  perforinance 

as  in t e r f aced  with the  ESE and the Pointing Control System. 

4.6 W e r i m e n t  Pointing System 

4.6.1 Control _I Ra%e Gyro (CRG) P o l a r i t y  Test 

The outp-k of each CRG ( p i t c h  

p o l a r i t y  wi th  a r a t e  i n p u t .  

yaw, and r o l l )  mst be v e r i f i e d  f o r  proper 

The p i t c h  and yaw C R G ' s  may be v e r i f i e d  by 
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e l e c t r i c a l l y  o r  mechanically moving t h e  ATM cruciform with r e spec t  t o  t h e  

I 
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frame a t  a proper ra te .  Care will have t o  be used i n  this t e s t  n o t  t o  inpu ,  

excessive rates as t h e  maximum range f o r  t h e  CRG’s i s  only 1 .0  degrees/second. 

I f  t h e  above method i s  n o t  p rac t i ca l ,  an a l t e r n a t e  method of accomplishing 

t h i s  t e s t  w i l l  be  t o  dismount t h e  CRG’s and i n s t a l l  them on a t e s t  f i x t u r e  

f o r  p u i t i n g  i n  a rate of t h e  proper p o l a r i t y .  

i n  which t h e  r o l l  CRG w i l l  have t o  be v e r i f i e d  as i t  i s  mounted on .the A n 1  

rack .  

This second method i s  the way 

The output p o l a r i t y  of each CRG w i l l  be v e r i f i e d  a t  both t h e  CRG 

output and t h e  Control Computer output. 

4.6.2 CRG Torquing Test 

Each CRG will be t e s t e d  by p a t t i n g  inpu t s  i n t o  t h e  torqliing c i r c u i t  and then 

measuring t h e  sensor o u t p t .  

i s  no t  completely def ined as  y e t .  

- 

The ESE which w i l l  provide t h i s  torquing funct ion 

However, each CRG w i l l  be t e s t e d  t o  as 

great, an ex ten t  as i s  f e a s i b l e  w5thin t h e  ESE c a p a b i l i t y .  

L.6.3 

This t e s t  i s  run p r i o r  t o  t h e  hookup of t h e  PCS t o  i t s  ESE. 

Control Computer ESE Ver i f i ca t ion  Test -- 
The parpose of 

t h i s  t e s t  i s  t o  v e r i f y  t h a t  a l l  monitor and con t ro l  func t ions  a s soc ia t ed  with 

t h e  Control Compter ESE a r e  opera5ing properly before  t h e  s t a r t  of t he  checkou-i,. 

This t es t  w i l l  include, but not be l i m i t e d  t o ,  v e r i f i c a t i o n  of switch func t ions .  

monitor functions,  and i n p u t  fimctions. The Control Computer ESE i s  n o t  def ined 

a t  t h i s  time, bu t  t h e  use of some type of Ground E lec t ron ic  Test Se t  (GETS) 

may be necessary in performance of this  test. 

4.6 -4 Control - Computer/ESE Compatibility - Test 

This t e s t  i s  t o  be run ju s t  af ter  hookup of t h e  PCS. P a r t  of t h e  t e s t  w - i l l  

be run p r i o r  t o  a p p l i c a t i o n  of power t o  t h e  Control Computer t o  ensure a l l  

4- 3 
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input  power and corrh.01 vol tages  a r e  co r rec t .  The remainder o f  the  t e s t  w i l l  

be run a f te r  appl icat ion of power and w i l l  v e r i f y  t h a t  t h e r e  are no problems 

i n  the in t e r f ace  between t h e  ESE and Control Computer. 

w i l l  incl-ude operation of a l l  switch f imct ions and inpu t  func t ions  and ve r i -  

This part  o f  t h e  t e s t  

f i c a t i o n  of a l l  monitor funct ions.  

4.4 .5  Control Computer Null Test 

A l l  Control Computer olxtpu'ts going t o  the  CMG's and the  

-- 

system w i l l  be checked t o  proper spec i f i ca t ions .  These 

i n  various Control Computer modes both with inpu t s  open 

ve rn ie r  cont ro l  

nulls will. b e  t e s t e d  

and inpu t s  c losed.  

A s  p a r t  of t h i s  nu l l  t e s t ,  t h e  Control Computer output no i se  l e v e l  will bc 

measured and checked t o  tolerance.  

A l l  possible  combinations of Control Computer nodes w i l l  be  energized and 

checks w i l l  be mde t o  v e r i f y  t h a t  t h e  proper mode was se l ec t ed .  Various 

inpu t s  wL11 be induced and t h e  proper s igna l  paths  w i l l  be v e r i f i e d  fo r  t he  

mode se lec ted .  As p a r t  of  t h i s  t e s t ,  t h e  in t e r f ace  between t h e  Control Computer 

and Astronaut 's  Panel will b e  v e r i f i e d  s ince  mode d e c t 5 o n  W i l l  o r ig ina t e  from 

t h i s  panel .  

4.6.7 Control Computer/Digital -- Computer In t e r f ace  Test 

The in t e r f ace  between t h e  Control Computer and t h e  D i g i t a l  Computer has  n o t  

been defined completely as y e t .  There are a number of func t ions  which will 

pass  between these two systems which must be  v e r i f i e d  f o r  proper operat ion.  

"his t e s t  w i l l  ver i fy  a l l  of these  f m c t i o n s  and check any t o  to le rance  as 

necessary 
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4.6.8 Control Computer Gain Test 

This t e s t  will be run t o  check a l l  

-- 
of the  s t a t i c  ga ins  of t h e  Control Computer. 

Both a t t i t u d e  (psi) and Rate ( p s i  dot)  i npu t s  w i l l  be induced and t h e  Control 

Computer outputs monitored f o r  proper l e v e l .  

combinations of  i npu t s .  outputs,  and modes. 

These ga ins  w i l l  be t e s t e d  f o r  a l l  

b . 6 .9  

This  t e s t  will v e r i f y  proper operation of t h e  hand con t ro l l e r  with respzc t  t o  

the TV d i sp lay  system. Inpdts  will be i n j e c t e d  f o r  both pos i t i ve  and negat ive 

p i t c h  and yaw 23 check for paper output and p o l a r i t y  on t h e  TV d isp lay  system. 

This s;$em i s  not completely defined as yet bu t  any adjlistments o r  ca l ib ra t ions  

necessary f o r  compat ib i l i ty  wrald be accomplished dcr ing  this tes t .  

Hand Controller/TV Display Compatibility Test 

. b .6.10 Hand Control ler  Cal ibra t ion  - 
A c a l i b r a t i o n  on t h e  hand con t ro l l e r  ~ ~ 1 1  be  rm t o  p i u s  and minus f u l l  sca le  

i n  both  t h e  p i t c h  and yaw axis. 

outputs  are monitored both a t  t h e  CCEA and TV d isp lay .  

fo r  n u l l  limits l i n e a r i t y ,  and hys te res i s .  

As inputs  a r e  put  i n  w%th t h e  hand c o n t r a l l e r ,  

Data w i l l  be  checked 

4.6.11 

This t e s t  wi l l  v e r i f y  tht the  vernier  con t ro l  system i s  compatible with a l l  

systems it i n t e r f a c e s  with such a s  Control Compater, LM d isp iay  panel,  D ig i t a l  

Vernier Control System Compatibility Test -- - 

Computer. and ESE. Inputs  w i l l  be put i n t o  t h e  ve rn ie r  system 

Comp!rter and outpa ts  w L i l  be  checked a t  t h e  var ious  i n t e r f a c e s  

compatibi l i ty .  

4- 5 
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4.6.12 Vernier Control System S t a t i c  Cal ibra t ion  Test 

A c a 3 b r a t i o n  sha l l  be run i n  a l l  axes (p i tch ,  r o l l ,  and yaw) using 

- --- 

a s t a t i c  i n p l t  t o  t h e  Control Computer and measuring pos t t i on  of t h e  

crusiform with respect  t o  t h e  ATM rack. Data from t h i s  t e s t  w i l l  be 

evaluated f o r  nu l l ,  l i m i t s ,  l i n e a r i t y .  and hys t e re s i s  This t e s t  will 

be run w i t 5  both an a t t i t u d e  (psi) input  and a ra te  (psi d o t )  input .  

4.6.13 

A dynamic response t e s t  w i l l  be run i n  all axes (p i tch ,  yaw, and r o l l )  

using some tjrpe of dynamic input  t o  t h e  Control Computer and monitoring 

t h e  vern ier  control  system response.  

i n p a t s  i n  both a t t i t u d e  (ps i )  and r a t e  ( p s i  d o t ) .  

Vernier Control @stem Dynamic Response Test I.---- 

This t e s t  s h a l l  be run with djmartlic 
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4.7 Integrated Tests 

4.7.1 General 

A series of tests will be run on the entire PCS to verify complete end 

to end compatibility and check as much overall accuracy as is feasible. 

Included in this test will be introduced inputs from the various 

sensors in each axis and then measurement of the response at either the 

CMGs or the vernier system depending on the mode being tested. All 

modes of PCS operation and all possible sequencing will be verified 

in this test. 

The PCS will be tested as much as is feasible during a Simulated 

Flight Test. This will include operation of all systems in as near 

to flight conditions as possible from prelaunch through the various 

orbital modes. 

sequence. 

Functions will be checked for proper operation and 

4.7.2 Orbital Modes 

4.7.2.1 Start. Stop, Standby Modes 

Objective: 

to either start or stop the CMGs without imparting torque to the 

vehicle as the wheels are broughtupto speed or shut down. This 

mode also allows performance of translation maneuvers (docking or 

station keeping). 

operated during spin-up. 

emergency. 

This mode is used to allow the fine control subsystem 

Vernier control and experiments should not be 

This mode should be selected in an 

Description: 

selector through the ATM ADDRESS system. 

toggle switch in the MODW select portion of the PCS panel is 

Power is applied to the system by use of the switch 

The START, STOP, TEST 
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momentarily placed in the START STOP position. 

power switches are activated through the switch selector by way 

ofthe ATM ADDRESS system. The condition of the CMGs is displayed 

for monitoring purposes on the CMG MOMENTUM dual meters and the 

dual MONITOR meter. 

reading the position of the CMGs. 

position of the dual CMG MOMENTUM meter is controlled by the 

CMG MOMENTUM rotary selector switch. 

controlled by the MONITOR selector rotary switch. 

Then the CMG 

The CMG MOMENTUM meters are constantly 

The reading on the other 

The MONITOR meter is 

4.7.2.2 Ekp eriment Pointing Mode 

Objective: This mode is the primary operational mode and will 

be used during the majority of the daylight portion of the ATM 

mission once the initial acquisition has been accomplished. 

This mode places the fine control system in a solar oriented, 

stellar fixed condition and except for the override submode no 

manual control of the Cluster is possible. This mode is auto- 

matically switched to the Monitor and Acquisition mode during 

the dark portion of the orbit. 

mode until otherwise commanded. 

The system remains in the M & A 

Description: 

feature on the sun's surface by moving either HAND CONTROLLER. 

Error signals are produced and displayed on the DIGITAL DISPLAYS. 

Each DIGITAL DISPLAY is controlled by the selector rotary switches 

located just to the left of the corresponding DIGITAL DISPLAY. 

These error signals are recorded on film for future reference. 

The gimbal angles of the star tracker (Rack orientation), 

The astronaut may point the experiment package to any 

vernier 
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gimbal angles and other values may be displayed by proper selec- 

tion of the keyboard. On either the HT meter or any of the numerical 

readouts. It must be realized that proper scaling must be 

accomplished when the indicators are used for purposes other 

than thekr primary purpose. This is accomplished by reference 

to the display manual or  charts located on the display. 

In addition to pointing as a function of the numerical readouts, 

the astronaut may elect t o  point the ATM by observing the T.V. 

monitor displays located on the T.V. panel. 

by selecting the ATM H e  

CAMF3.A SELECT rotary switch. Verifying that the ATM H e  AND 

WHITE LIGHT CAMEFtA POWERtoggle switch is also ON. The readouts 

on the DIGITAL DISPLAY w i l l  then indicate the orientation of the 

image. Calibration may be required (see each experiment). After 

a bias value has been obtained for any error in the pointing 

system, it must be recorded and used for resetting the PCS whenever 

each particular experiment is operated or for post flight evalua- 

tion of the data. 

This is accomplished 

and WHITE LIGHT position on either 

Once the location of an occurrance has been obtained by the PCS, 

the astronaut may begin the experiment. 

or the PCS should be necessary unless a new location is required 

or the particular set of experiments require a drift rate lower 

than the design tolerance. 

vernier system solar center, the astronaut may switch the 

toggle to the position or he may elect to use the 

HAND CONTROLLER. 

No further adjustment 

If it is desired to return to the 

To return the roll gimbal to the zero position, 
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the astronaut has the same choiee. Switch the toggle 

to the position or use the HAND CONTROLLER. The 

pitch and yaw gimbals automatically rezero themselves as the 

orbit approaches the sunset condition. The roll gimbal does 

- not rezero automatically. 

gimbal. 

The astronaut must rezero the roll 

Momentum Dump Mode 

Objective: 

This function is performed whenever the momentum indicators 

indicate a low value. It is desirable to complete momentum 

dump close to the point of sunrise to insure maximum undisturbed 

experiment time. 

The purpose is to return momentum to a high level. 

Description: 

tum dumping requires two astronauts when in the Cluster configura- 

tion, one in the LM and one in the CSM. 

the LM to the CSM will be lused to direct the firing of the 

Reaction Control System (RCS). 

dumping. 

The operational procedure used to accomplish momen- 

Verbal instruction from 

There are two methods for momentun 

The primary procedure is as follows. 

The LM/ATM astronaut w i l l  read the momentum condition of each 

axis and from a table of values determine the required thrusters 

and RCS firing time for each set of thrusters. 

times are given to the CSM astronaut who executes these instruc- 

tions. 

These firing 

Upon completion verification is made to the LM/ATM 

operator. TheLLM/ATM astronaut observes 

indicator. It should return to near the 

the TOTAL MOMENTUM 

optimum value when 
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the Cluster is returned to the previous inertial position. 

Should an error be observed, this procedure should be repeated. 

The secondary procedure is as follows. The LM/ATM astronaut 

requests that the CSM astronaut enter the INERTIAL HOLD mode 

by momentarily placing the MODE switch to the I & M position. 

Upon verification (flag indicates I & M) the LM/ATM astronaut 

selects the MOMENTUMDUMP switch which forces the CMG gimbals 

to correct location. 

COMPLETE the ATM PCS resumes at*itude control and the LM/ATM 

astronaut asks release from the CSM control. The MOMENTUM 

indicators should verify completion of momentum dumping by 

returning to a high value. 

Upon the indication of MOMENTTJM DUMP 

4.7.2.4 Acquisition and Monitor Mode 

Objective: This mode is used to allow the Cluster to obtain 

pointing operation (pitch and yaw locked to solar center by 

coarse sun sensors) and roll position so that the principal 

axis of the S-IVB is aligned in the orbital planeabout the earth. 

Description: 

positioned so that the solar panels are pointed within a few 

degrees of the sun. This is achieved by positioning the ATM 

with the ATM hand controller. 

CSM notifies the astronaut in the LM that they are ready for 

acquisition (this must be accomplished in the daylight period). 

The LM operator then selects the MONITOR & ACQUISITION mode by 

momentarily placing the proper MODE toggle switch in the 

First the Reaction Control System (RCS) must be 

At this point the pilot in the 
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MONITOR & ACQ position. Verification that the PCS is in this 

mode is made by examining the MODE flag and verifying that M & A 

appears in the window of this flag. Activation of this mode 

automatically points the Rack within a few minutes of the solar 

center. Unless locked out specifically, (by entering the 

INERTIAL HOLD AND MANEXVER MODE command by momentarily placing 

the toggle switch in the I & M position) the pitch and yaw 

position reference will automatically enter an inertial hold 

mode just prior to entering the dark portion of the orbit, and 

solar reorient just after entering the daylight period. Once 

alignment is completed, either the Experiment Pointing mode, 

or the Inertial Hold mode may be entered. 

4.7.2.5 Inertial Hold and Maneuver Mode 

Objective: 

reason, to keep the ATM inertially fixed. 

to provide a manual control of the Cluster af'titude. 

would be used where the switching transients are not desired 

or in the event of failure of the solar sensors. 

"his mode is used when it is necessary, for any 

It may also be used 

This mode 

Description: 

momentum dumping or reinitialization of the integrators due to 

drift of the equipment. 

The only operations required during this mode are 

In the event that film retrieval or other extra-vehicular activity 

is required, the I & M mode would be used with the SUB MODE ROLL 

OVERRIDE to permit roll control of the experiment package from 

either the HAND CONTROL or an external control. 
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4.7.2.6 Test Mode 

Requirements for the Test Mode of the PCS are as follows: 

A. On the Input side the following: 

a. 

b. 

Inputs into the Control Computer and 

Substitutes for conrmands from the Control Computer have 
to be provided. 

a) Inputs 

Substitute for the Acquisition Sun Sensor: Signal 
discrete 

Substitute forthe Fine Sun Sensor: Signal 
discrete 

Substitute for Pitch, Yaw and Roll rate: Signal 

Substitute for IlOrbital Plane Update'! : Signal 
discrete 

Six commands from cockpit or simulation: discrete 

Binary coded 10 bit inputs from coding switches 

. Substitute for commands Womentun dumpf1 
I 

b) Signals and Discrete from the Control Computer to peripheral 

input equipment. 

Variable Pitch and Yaw bias for optical wedges 

Torquing voltages for the .Pitch, Yaw and Roll rate gyros 

Discrete signal: "Star Tracker Mode" 

Variable signals to simulate the manual operation 

Simulate signals to represent H-Vector status of the 

CMGs . 
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4 .I 8 Perturbed Control System Sequence 

Objective -- Perform redundant tests at the highest level of integrated sub- 
system tests when the mode can be recognized as an individual function. 

Operation -- Solar Occultation Sequence: 
.1 FSS Sun Sensor loses its input reference signal (sunlight) 

.2 FSS resets to Acquisition mode and Spar flex gimbal loops now operated 
in Rate Control mode via rate gyros 

.3 ASS loses its input reference signals in its pitch and yaw axes 

.4 ASS Sun Presence Detector switches its relay to Inertial Hold mode 

.5 Precision pitch and yaw gyro control loops are switched from the ASS 
sunline and g y r o  caging feedback signal summing points to Inertial 
Hold mode 

.5a Spar pitch and yaw servo control loop switched from FSS sunline reference 
and rate gyro signal summing points to Cage mode 

.6 Precision pitch and yaw gyros now operating in Attitude mode 

.6a Spar pitch and yaw flex gimbal servos slaved to their respective gimbal 
attitude pickoff signals 

.7 Carrier pitch and yaw CMG control loops slaved to the precision pitch 
and yaw gyro gimbals respectively 

.7a Spar pitch and yaw gimbals driven to their 9niLl1I attitude angle 

Stellar Occultation Sequence 

-1 Star tracker (ST) loses its input reference signal (star light) 

.2 ST Star Presence Detector switches its relay to Inertial Hold mode 

.3  Roll precision gyro control loop switched from Star Line and gyro caging 
feedback signal summing points to Inertial Hold mode 

.4 Precision roll gyro now operating in Attitude mode 

.5 ST gimbals now slaved to precision roll gyro gimbal 

.6 Carrier r o l l  CMG control loop slaved to precision roll gyro gimbal 
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4.9 Post Vibrat ion Checkout 

h .? .1 Pointing Control System Tests 

Objective: 

To reverify the  PCS ope;-ation a f t e r  each por t ion  of Vibrat ion Test ing has  

been concluded. This will include r eve r i fy ing  each subsystem i n d i v i d u a l l y  

aQd co l l ec t ive ly .  

Des c r i  p t  i on 
I_- -- 

After  a phase of Vibrat ion Testing i s  concluded, t h s  f i rs t  i t e m  of  r e v e r i f i -  

ca t ion  which w i l l  be  performed i s  alignment During these t e s t s ,  a l l  or most 

of t h e  same checks as made i n  Post Manufacturing Checkout w i l l  be  re-run. 

Retaining proper alignment i s  possibly t h e  most important s i n g l e  i tem i n  

a s su r ing  PCS accuracies .  

Each PCS sabsystem, w i l l  be r eve r i f i ed  by a t  l e a s t  a func t iona l  t e s t  a s  a 

minimum. 

accomplished i n  Post Manufacturing Checkout. Regardless of  t h e  l e v e l  o f  

I n  some cases ,  it may be necessary t o  go i n t o  as much d e t a i l  as i s  

t e s t i n g  deemed necessary f o r  each subsystem 

(F'MC) tests will serve as a b a s i s  f o r  tests t o  b e  run. 

t h e  Post Manufacturing Checkout 

Data w i l l  be  compared 

wi th  t h e  PMC t e s t  results t o  assure t h a t  no degradation has occurred as a 

r e s u l t  of  Vibrat ion Test ing.  Some type of PMC o v e r a l l  t e s t  wlll be run t o  

assure system compatibi l i ty .  Visual inspect ion w i l l  be mde of each component 

t o  check f o r  any s t r u c t u r a l  damage t o  t h e  component or mounting b racke t s  as 

a r e s u l t  of ?J ibra t ion .  

4.10 Thermal Vacuum Checkout 

4.10.1 Point ing Control System Tests 

Object ive 

To v e r i f y  t h e  PCS opclration pr ior  t o  t h e  s t a r t  of Themal  Vacuum Tests 

- 
I___. 

t o  ensure proper operat ion upon s t a r t i n g  of t e s t s  i n  the  Thermal Vacuum 

f a c i l i t y  . 4- 15 
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PCS subsystems as much a s  it i s  f e a s i b l e  during the  Thermal 

t o  ensure proper opera t ion .  

Descr ipt lon 

P r io r  t o  t h e  s t a r t  of T h w m l  Vacuum Test ing,  t he  Checkout s t a t i o n  will 

hsve t o  be assembled a t  t he  Thermal Vacuum f a c i l i t y .  The same E S  v e r i f i c a t i o n  

t e s t  a s  were run i n  PMC will again have t o  be run I,:) assure  pr3per conf igura t ion .  

After  t h e  ESE i s  v e r i f i e d ,  a checkout s x l a r ,  o r  i d e n t i c a l ,  t o  t he  one 

run on PMC ~ 1 1  be run on t h e  PCS. 

t e s t  da t a  t o  assure  adequate co r re l a t ion .  

- 

Data r e s u l t s  will be compared with F'MC 

Af te r  a complete checkout has been accomplished, Thermal Vacuum Tes t ing  

will begin.  During t h e  per iods of t e s t i n g  under Thermal/Vacuum condi t ions  

a l l  PCS w i l l  be monitored as much as f e a s i b l e  f o r  proper opera t ion .  It I s  

envisioned t h a t  t h e  amount or" PCS t e s t i n g  during t h i s  per iod  wi l l .  be q .J i te  

l imi ted  due t o  t h e  i n a c c e s s i b i l i t y  of the  ATivl. 

a t  least  be  mmitored f o r  func t iona l  operat ion.  

However, each system w i l l  
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5.0 Abbreviations and Definitions 

AAP 

ASS 

ATM 

ATP 

CCEA 

CMG 

CMGCS 

CSM 

ECE 

EMC 

EM1 

EPS 

ESE 

FSS 

GETS 

GSE 

GTP 

I/OA 

KSC 

LM 

LM/ATM 

MSC 

MDA 

MSFC 

PCS 

Apollo Applications Program 

Acquisition Sun Sensor 

Apollo Telescope Mount 

Acceptance Test Procedure 

Control Computer Electronic Assembly 

Control Moment Gyro 

Control Moment Gyros Control System 

Command and Service Module 

Ekperiment Checkout Equipment 

Electromagnetic Compatibility 

Electromagnetic Interference 

Experiment Pointing System 

E lec t r i ca l  Support Quipment 

Fine Sun Sensor 

Grpund Electronic Test Set 

Ground Support Equipment 

General Test Plan 

Input-Output Assembly 

Kennedy Space Center 

Lunar  Module 

Modified LM Integrated with ATM 

Manned Spacecraft Center 

Multiple Docking Adpater 

Marshall Space Flight Center 

Pointing Control System 
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PDP Project Development Plan 

PMC Post-Manufacturing Checkout 

RCS Reaction Control System 

RFI Radio Frequency Interference 

ST Star Tracker 
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